Introduction
Ascertainment of cases of maternal death depends on a health information system that accurately identifies and records the causes of death. Most low-income countries do not have systems for certifying births and deaths and the estimates of maternal mortality used in decision-making are based on surveys, data on fertility rates and hospital records. 1 However, these data sources produce estimates with wide confidence intervals and their usefulness for guiding specific local interventions is limited. Demographic and Health Surveys and Multiple Indicator Cluster Surveys use the direct sisterhood method, which identifies pregnancy-related deaths rather than maternal deaths. 1 Moreover, the resulting estimates are retrospective and have wide confidence intervals. National census data are more accurate but censuses are carried out only every 10 years and highly trained enumerators are required to collect the wide range of information covered. 1 Reproductiveage mortality surveys (RAMOSs) have been used in several settings to improve the ascertainment of maternal deaths. 2, 3 Typically, such surveys involve asking 39 questions that span the many possible causes of death in women of reproductive age, including the causes of maternal death (details available from the corresponding author). A confidential enquiry into maternal deaths undertaken in Accra, Ghana, in 2002 applied the reproductive-age mortality survey's methods at health facilities and morgues in Accra and found that maternal deaths had been under-reported by 44%. 4 However, the reproductiveage mortality survey has limited usefulness at the population or national level, where it is necessary to identify all deaths in women of reproductive age and to examine several sources of information. A large-scale, national reproductive-age mortality survey can be complicated, time-consuming and expensive and the resulting maternal mortality ratios (MMRs) may not be accurate in settings where most women deliver at home. 1 In 2010, community-based surveillance of maternal deaths was conducted in the Sene district of Ghana using a modified reproductive-age mortality survey. 5 Researchers selected the 10 questions from the survey that were most likely to identify a maternal death and that could be used by community health volunteers in interviews of the family members of women of reproductive age who had died. A maternal mortality review committee investigated all cases in which a respondent gave a positive answer to at least one of the 10 questions. Using the committee's determination of maternal death as the gold standard, four questions emerged as the best predictors of a maternal death: (i) Was she pregnant when she died? (ii) Was she pregnant recently? (iii) Did she have a child younger than one year when she died? and (iv) Did she die from a miscarriage or abortion? 5 These four simple yes-no questions were found to have a high predictive value for identifying a maternal death. Moreover, the number of maternal deaths ascertained almost doubled in the year community-based surveillance took place. A similar study in Eritrea reported comparable results. 3 The hypothesis of the current study was that MMRs derived from community-based surveillance of maternal deaths using the four yes-no questions in a modified reproductive-age mortality survey would be higher than those determined using current techniques. In addition, we aimed to demonstrate that a simple four-question survey conducted by community health workers is feasible in rural communities and is an effective way of increasing knowledge about the current burden and causes of maternal death in these communities.
Objective To examine the feasibility and effectiveness of community-based maternal mortality surveillance in rural Ghana, where most information on maternal deaths usually comes from retrospective surveys and hospital records. Methods In 2013, community-based surveillance volunteers used a modified reproductive age mortality survey (RAMOS 4+2) to interview family members of women of reproductive age (13-49 years) who died in Bosomtwe district in the previous five years. The survey comprised four yes-no questions and two supplementary questions. Verbal autopsies were done if there was a positive answer to at least one yes-no question. A mortality review committee established the cause of death. Findings Survey results were available for 357 women of reproductive age who died in the district. A positive response to at least one yes-no question was recorded for respondents reporting on the deaths of 132 women. These women had either a maternal death or died within one year of termination of pregnancy. Review of 108 available verbal autopsies found that 64 women had a maternal or late maternal death and 36 died of causes unrelated to childbearing. The most common causes of death were haemorrhage (15) and abortion (14). The resulting maternal mortality ratio was 357 per 100 000 live births, compared with 128 per 100 000 live births derived from hospital records. Conclusion The community-based mortality survey was effective for ascertaining maternal deaths and identified many deaths not included in hospital records. National surveys could provide the information needed to end preventable maternal mortality by 2030.
Methods
The public health director of Bosomtwe district in Ghana decided to conduct a modified reproductive-age mortality survey in four subdistricts with the aim of increasing understanding of maternal mortality beyond that provided by currently available hospital-based MMRs. The baseline MMR in Bosomtwe district was 128 per 100 000 live births: 23 ascertained maternal deaths in hospital were recorded for the period 2008 to 2013, during which there were 17 913 live births. These figures were obtained from public records and were used in ratio calculations and comparisons in this study.
The district health leadership committee in Bosomtwe met to review the conceptual approach of the modified reproductive-age mortality survey and past experience with this approach in Sene district, Ghana. In May 2013, trainers from the Bosomtwe District Health Directorate and community health workers discussed the most effective way of asking the four yes-no survey questions: (i) Was she pregnant when she died? (ii) Did she have a child less than 1 year old when she died? (iii) Was she pregnant within the year before she died? and (iv) Did she have a miscarriage or abortion? District staff added two further questions to the survey: (v) Did she die at home or in a healthcare facility? and (vi) What do you think was the cause of her death? The final survey including these six questions is here referred to as the RAMOS 4+2 (Box 1). Subsequently, community-based surveillance volunteers engaged to conduct the survey attended a one-day training meeting at Kuntenase Government Hospital, which introduced the survey, gave training on its implementation and provided an opportunity for asking questions about the survey material. In addition, community-based health volunteers and subdistrict nursing staff underwent training on the protocol, survey administration and data reporting organized by the Bosomtwe District Health Directorate.
Between May and August 2013, the community-based surveillance volunteers, supervised by community nurses, conducted interviews in the local language Twi, using the RAMOS 4+2 and clarified any questions that needed further explanation to obtain a definitive answer. Because they were familiar with the community, the volunteers were able to identify households in which a woman of reproductive age (13-49 years) had died in the previous five years. A small incentive was given to the volunteers to encourage them to identify the women's families and to tell them when the RA-MOS 4+2 would take place. Permission was obtained from each family member before participation in the survey and no incentive was given to any interviewee. The interviews, which formed part of the regular data collection activities of community-based surveillance volunteers in the district, were conducted in private and responses were recorded on a single sheet of paper. Subsequently, the interview record sheets were given to the community health nurse supervisor who forwarded them to the district public health director on a regular basis. The study was approved by the Ghana Health Service Ethical Review Board and was reviewed by the University of Michigan Institutional Review Board and found to be exempt from regulation.
Verbal autopsy
Several weeks after administration of the RAMOS 4+2, community health nurses and midwives conducted verbal autopsies at households in which a positive answer had been given to at least one of the four yes-no RAMOS questions. Verbal autopsies were conducted using a standard form provided by the Ghanaian health service, which was based on the World Health Organization's (WHO's) recommendations. 6 The document recorded details of the deceased woman's demographic and sociocultural characteristics, obstetric history, hospital attendance and preparedness for pregnancy and provided space for a written narrative and a conclusion. Verbal autopsies were conducted with an immediate family member who was available on the day of the interview.
After completion of the verbal autopsies, case reports were compiled and presented to the maternal mortality review committee, which comprised health-care professionals who met regularly to examine the medical and technical aspects of care for women who have died and to identify patterns of adverse outcomes related to medical, nonmedical and systemic factors. For this study, the committee had 10 or 11 participants: an obstetrics and gynaecology specialist, a general physician, a pharmacist, midwives and senior and entry-level community health nurses. The committee discussed and analysed the survey results and verbal autopsy interviews for each woman. To determine whether each woman's death resulted from a complication of pregnancy or was associated with the pregnancy, we used the definitions from the International statistical classification of diseases and related health problems, 10th revision, for maternal death and late maternal deaths.
7 For pregnancy-related death we used the definition proposed by WHO (Box 2). 1 On occasion, additional follow-up was requested for cases on which no firm conclusion could be reached. For these cases, more information was obtained from the hospital or clinic where the death occurred and data were double-checked. In addition, at the community level, family members of the deceased were asked for further details to help identify the cause of death.
We categorized responses to question 6 of the RAMOS 4+2 (i.e. What do you think was the cause of her death?) as indicating either a clear maternal cause of death, a clear cause unrelated to childbearing or an unknown cause. We then calculated positive and negative predictive values and the sensitivity and specificity for a response that indicated a clear maternal cause. The positive predictive value was defined as the number of deaths judged to be a maternal death on the basis of the response to question 6 and confirmed as a maternal death by Box 1. Modified reproductive-age mortality survey (RAMOS 4+2), Ghana, 2013
Question 1: Was she pregnant when she died? Question 2: Did she have a child younger than one year when she died? Question 3: Was she pregnant within the year before she died? Question 4: Did she have a miscarriage or abortion? Question 5: Did she die at home or in a health-care facility? Question 5a: If she died in a health-care facility, which facility was it? Question 5b: Did she die at her own home? If not her own home, where? Was it her own home or someone else's? Question 6: What do you think was the cause of her death?
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the review committee divided by all deaths judged to be maternal deaths on the basis of responses to question 6. The negative predictive value was the number of deaths that would not have been referred for verbal autopsy on the basis of responses to question 6 and that were confirmed as not being maternal deaths by the review committee divided by the total number of deaths that would not have been referred for verbal autopsy on the basis of responses to question 6. The sensitivity was the number of deaths that both responses to question 6 and the review committee indicated were maternal deaths, divided by the total number of deaths found to be maternal by the committee. The specificity was the number of deaths that both the response to question 6 and the review committee indicated were not maternal deaths divided by the total number of deaths the committee determined were unrelated to childbearing.
Results
Survey results were available for 357 women of reproductive age who died during the five years before the survey took place. A positive response to at least one of the four yes-no questions was recorded in 132 interviews. Consequently, these deaths included maternal deaths, late maternal deaths and pregnancyassociated deaths occurring within one year of termination of pregnancy. In 225 interviews, negative answers to all four yes-no questions were recorded. Thirteen families of women of reproductive age who died during the specified period could not be located or declined the interview. Verbal autopsies were conducted with 118 families of the 132 cases for which there was a positive response to the survey questions; 14 families were lost to follow up. In total, 10 verbal autopsies were found to have been performed erroneously because the positive survey result was subsequently found to be incorrect. Verbal autopsies for the remaining 108 cases were reviewed by the maternal mortality review committee, which determined that 64 women died from a condition related to pregnancy and 36 had a death unrelated to childbearing; the cause of death was not determined in eight cases. For the 64 women whose deaths were determined to be maternal or late maternal deaths, the average age at the time of death was 31.1 years (range: 18-43). Of these women, 13 died in the community, 49 died in a health-care facility and two died in transit to a health-care facility. The average gravidity among these women was 3.5 and their average parity was 2.9. Of the 64 survey respondents for these women, 26 were their mothers, 11 were their sisters and 10 were their grandmothers. The remaining 17 respondents were husbands, brothers or other close family members.
The most common causes of the 64 maternal and late maternal deaths, as determined by the maternal mortality review committee, were haemorrhage (15), abortion complications (14), ectopic pregnancy (3), infection (2) and hypertensive disease of pregnancy; eclampsia and preeclampsia (2) . For 18 of the 64 deaths, the final diagnosis remained unknown because the details available were insufficient or confusing. The other 10 causes of death varied widely and included obstructed labour, renal failure, abscess, malaria and sickle cell disease -the degree to which the pregnancy contributed to morbidity for these conditions could not be determined using our questionnaire. The maternal mortality for maternal and late maternal deaths obtained in our survey for the district was 357 per 100 000 live births.
For question 6 in the RAMOS 4+2 alone, which asked respondents what they thought the cause of death was, the positive predictive value was 91%, the negative predictive value was 50%, the sensitivity was 48% and the specificity was 92% for identifying women confirmed to have had a maternal death.
Discussion
Our findings indicate that communitybased surveillance of deaths among women of reproductive age is feasible and can help identify cases of maternal death in rural communities. The large discrepancy between the MMR in Bosomtwe district derived from hospital records and the ratio based on our survey findings strongly confirms the view that many maternal deaths may go unreported. We identified 13 deaths that occurred at home and which were not included among the deaths recorded by hospitals. Moreover, the 23 hospitalascertained deaths in Bosomtwe district between 2008 and 2013 was much less than the 49 maternal deaths identified in the survey as having taken place in a health-care facility, many of which were located outside Bosomtwe district.
The RAMOS 4+2 instrument was an effective and efficient means of improving maternal death surveillance in Bosomtwe district and could be applied in other rural areas with an active community-based method of data collection. District staff noted that the survey was easy to use and readily understandable by community-based surveillance volunteers, who had little difficulty in asking the survey questions and obtaining clear answers from interviewees. In addition, the brevity of the survey meant that it could easily be incorporated into the volunteers' current activities.
Although no single survey question identified all maternal deaths, a positive answer to any one of the four yes-no questions resulted in a verbal autopsy. We incorporated question 6 (i.e. What do you think was the cause of her death?) into the survey to examine the value of an open-ended question about the cause of death. Question 6 provided the opportunity for an expanded discussion beyond the four yes-no questions. It could help eliminate the need for a verbal autopsy in cases where the death Box 2. Definitions of maternal death, community-based surveillance, Ghana, 2013
Maternal death a
The death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and the site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes.
Late maternal death a
The death of a woman from direct or indirect obstetric causes more than 42 days but less than one year after termination of pregnancy.
Pregnancy-related death b
The death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the cause of death. occurred during pregnancy but was clearly not related to the pregnancy because, for example, it was due to an accident or homicide. If family members could accurately identify maternal causes of death, the four yes-no questions may not be necessary. In our study group, however, family members identified only 48% of maternal deaths correctly. As verbal autopsies are already required as a follow-up to a positive response to one of the four yes-no survey questions, the value of including question 6 will vary according to local requirements and follow-up capability. During data analysis, it was noted that question 4 (i.e. Did she have a miscarriage or an abortion?) did not specify whether the miscarriage or abortion occurred during the most recent pregnancy or during a previous pregnancy. Although this did not affect our data analysis, future versions of this question should indicate whether the abortion or miscarriage took place during the most recent pregnancy.
The four yes-no survey questions had to be accurately translated into the local language. This required help from community health nurses and community-based surveillance volunteers to ensure that the local idiom precisely reflected each question's intent. Similar adaptations would be necessary to enable the RAMOS 4+2 to be used in other communities. In areas where community workers already collect surveillance data, the questionnaire could easily be incorporated into monthly activities in rural communities. Moreover, by coupling these surveys to verbal autopsies, it would be possible to identify cases of maternal death that are otherwise unknown to public health officials and to provide communities with information on the main factors contributing to maternal death. In addition, an accurate surveillance system would help public health professionals and government agencies become aware of common correctable factors contributing to maternal death and would enable them to improve medical care, medical outreach and public health interventions in the population affected. In the absence of a national, comprehensive, health information system that includes birth and death certification at the community level, incorporating the RAMOS 4+2 into routine, district, health-care reporting would enable national aggregates of maternal mortality to be calculated on an annual basis.
In our surveys, we asked if the women had died while pregnant or within one year of delivery and we attempted to identify recent pregnancies by asking if the deceased woman had a child younger than one year when she died. We assumed that a one-year time frame would be easier for respondents to understand than a 6-week time frame, which is the traditional postpartum period used in the definition of maternal mortality, and that, although this approach would result in false-positives, it would ensure that all maternal deaths would be included. Deaths due to obstetrical causes can occur after the arbitrary six-week period and including them in surveys can identify more deaths associated with pregnancy. The one-year time frame has been used in other settings to identify deaths among a large group of women of reproductive age, some of whom suffered maternal deaths. 8 In many states in the United States of America, death certificates of women of reproductive age are matched with the birth certificates of children younger than one year when each woman died to increase the ascertainment of maternal deaths. 9 On average, only 56% of births in rural areas of developing countries are attended by a skilled attendant. 10 In the absence of a robust vital registration system of births and deaths, many maternal deaths will go unreported and the underlying reasons will never be known. The simple RAMOS 4+2 could be implemented nationally before these important yet complex data collection systems become operational and could serve as a reasonable, real-time alternative. Moreover, the WHO consensus statement on preventable maternal mortality calls for an end to preventable maternal mortality by 2030.
11 Community-based maternal death surveillance systems could provide the information needed to determine whether this goal has been achieved and could help monitor the progress of national policy initiatives to reduce maternal mortality. ■ 
Research
Resumen
Seguimiento de ámbito comunitario de la mortalidad materna en la Ghana rural Objetivo Examinar la viabilidad y efectividad del seguimiento de ámbito comunitario de la mortalidad materna en la Ghana rural, donde la mayor parte de la información acerca de la mortalidad materna suele provenir de encuestas retrospectivas y registros hospitalarios. Métodos En 2013, los voluntarios del seguimiento de ámbito comunitario utilizaron una encuesta sobre mortalidad en edad reproductiva (RAMOS 4+2) para entrevistar a miembros de familias de mujeres en edad reproductiva (13-49 años) que fallecieron en el distrito de Bosomtwe durante los cinco años anteriores. La encuesta estaba formada por preguntas de sí y no y dos preguntas adicionales. Se realizaron autopsias verbales en caso de que se respondiera de forma afirmativa al menos a una pregunta de sí y no. Un comité de revisión de mortalidad estableció la causa de la muerte. Resultados Se disponía de los resultados de la encuesta para 357 mujeres en edad reproductiva que fallecieron en el distrito. Se registró una respuesta afirmativa a al menos una pregunta de sí y no para los encuestados que informaron sobre el fallecimiento de 132 mujeres. Estas mujeres sufrieron de mortalidad materna o fallecieron durante el año posterior al fin de su embarazo. Una revisión de 108 autopsias verbales constató que 64 mujeres sufrieron de muerte materna o muerte materna tardía y que 36 fallecieron por causas no relacionadas con la procreación. Las causas más comunes de fallecimiento fueron la hemorragia (15) y el aborto (14). El índice de mortalidad materna resultante fue de 357 por 100 000 nacidos vivos, frente a 128 por 100 000 nacimientos vivos según los registros hospitalarios. Conclusión La encuesta sobre mortalidad de ámbito comunitario resultó eficaz al determinar las muertes maternas e identificar muchas otras no incluidas en los registros hospitalarios. Las encuestas nacionales podrían proporcionar la información necesaria para acabar con la mortalidad materna evitable en 2030.
